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NON-LINEARLY DEFLECTING BRUSH
SEAL LAND

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a continuation of, claims priority to
and the benefit of, PCT/US2014/056983 filed on Sep. 23,

2014 and enftitled “NON-LINEARLY DEFLECTING
BRUSH SEAL LAND,” which claims priority from U.S.
Provisional Application No. 61/889,959 filed on Oct. 11,
2013 and entitled “NON-LINEARLY DEFLECTING
BRUSH SEAL LAND.” Both of the aforementioned appli-

cations are incorporated herein by reference in their entirety.

FIELD OF INVENTION

The present disclosure relates to gas engine turbines, and
more particularly, to a non-linearly deflecting brush seal

land.

BACKGROUND OF THE INVENTION

Gas turbine engines (such as those that power modern
commercial and military aircraft) typically include one or
more seals between high and low pressure gas flow paths.
For example, many systems incorporate one or more brush
seals to limit uncontrolled air flow into the compressor,
combustor, and/or turbine. Conventional brush seals are
often placed between rotating parts and non-rotating parts of
an engine, such as between a turbine disc and a nozzle
structure.

SUMMARY OF THE INVENTION

A brush seal land 1s disclosed. The brush seal land may
comprise a {irst portion configured to be coupled to a turbine
disc of an aircrait engine and a second portion having a
contact surface. The brush seal land may comprise a concave
annular structure. The second portion may deflect through a
clearance area in response to contact with a brush. The
second portion may not deflect 1n response to contact with
a brush aifter the second portion has deflected through a
clearance area in response to contact with the brush. The
contact surface may comprise tungsten carbide. The brush

seal land may comprise an austenitic nickel-chromium alloy
such as that sold under the mark INCONEL (e.g., INCONEL

600, 617, 625, 718, X-750 and others). The brush seal land
may be configured to be coupled to an annular member
extending from the turbine disc. The brush seal land may
reduce abrasion to an annular member extending from the
turbine disc by a brush. A brush seal comprising the brush
seal land and a brush may separate a high pressure zone from
a low pressure zone. The first portion may be coupled to the
turbine disc by pressure.

A brush seal 1s disclosed. The brush seal may comprise a
brush seal land configured to be coupled to an annular
member extending from a turbine disc and a brush config-
ured to make contact with the brush seal land. The brush seal
land may comprise a concave annular structure. The brush
seal land may comprise a first portion configured to be
coupled to the annular member extending from the turbine
disc. The brush seal land may comprise a second portion that
deflects through a clearance area 1n response to contact with
the brush. The brush seal land may comprise a second
portion that does not detlect in response to contact with a
brush after the second portion has deflected through a
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clearance area in response to contact with the brush. The
brush may deflect 1n response to contact with the brush seal

land. The brush seal land may comprise an austenitic nickel-
chromium alloy such as that sold under the mark INCONEL
(e.g., INCONEL 600, 617, 625, 718, X-750 and others). The
brush seal land may comprise a contact surface configured
to make contact with the brush. The contact surface may
comprise tungsten carbide. The brush seal land and the brush
may separate a high pressure zone from a low pressure zone.
The brush seal land may comprise a first portion that is
coupled to the turbine disc by a pressure.

BRIEF DESCRIPTION OF THE DRAWINGS

The subject matter of the present disclosure 1s particularly
pointed out and distinctly claimed 1n the concluding portion
of the specification. A more complete understanding of the
present disclosure, however, may best be obtained by refer-
ring to the detailed description and claims when considered
in connection with the drawing figures, wherein like numer-
als denote like elements.

FIG. 1 illustrates, 1n accordance with various embodi-
ments, a cross-sectional view of a conventional gas turbine
engine;

FI1G. 2 illustrates, 1n accordance with various embodi-
ments, a {irst cross-sectional view of a turbine disc coupled
to a non-linearly deflecting brush seal land; and

FIG. 3 illustrates, 1n accordance with various embodi-
ments, a second cross-sectional view of a turbine disc
coupled to a non-linearly deflecting brush seal land.

DETAILED DESCRIPTION

The detailed description of embodiments herein makes
reference to the accompanying drawings, which show
embodiments by way of illustration. While these embodi-
ments are described in suflicient detail to enable those
skilled 1n the art to practice the inventions, 1t should be
understood that other embodiments may be realized and that
logical and mechanical changes may be made without
departing from the spirit and scope of the inventions. Thus,
the detailed description herein 1s presented for purposes of
illustration only and not of limitation. For example, the steps
recited 1n any of the method or process descriptions may be
executed 1n any order and are not necessarily limited to the
order presented. Furthermore, any reference to singular
includes plural embodiments, and any reference to more
than one component or step may include a singular embodi-
ment or step. Also, any reference to attached, fixed, con-
nected or the like may include permanent, removable, tem-
porary, partial, full and/or any other possible attachment
option. Additionally, any reference to without contact (or
similar phrases) may also include reduced contact or mini-
mal contact.

As used herein, “aft” retfers to the direction associated
with the tail (e.g., the back end) of an aircrait, or generally,
to the direction of exhaust of the gas turbine. As used herein,
“forward” refers to the directed associated with the nose
(e.g., the front end) of an aircraft, or generally, to the
direction of flight.

Referring to FIG. 1, a gas turbine engine 20 1s shown. In
various embodiments, the gas turbine engine 20 comprises
a two-spool low-bypass augmented turbofan. The turbofan
generally incorporates a fan section 22, a compressor section
24, a combustor section 26, a turbine section 28, an aug-
menter section 30, an exhaust duct section 32, and a nozzle
system 34, along a central longitudinal engine axis A. Axis




US 9,957,825 B2

3

A extends from a forward position at fan section 22 to a more
alt position at nozzle system 34. Although depicted as an
augmented low bypass turbofan 1n the non-limiting embodi-
ment of FIG. 1, 1t should be understood that the concepts
described herein are applicable to other gas turbine engines
including non-augmented engines, high bypass turbofan
engines, geared architecture engines, direct drive turbofans,
turbojet, turboshait, multi-stream variable cycle adaptive
engines, and other engine architectures.

An engine case structure 36 defines a generally annular
secondary airtlow path 40 around a core airflow path 42.
Various case structures and modules may define the engine
case structure 36 which defines an exoskeleton to support
the rotational hardware.

Air that enters the fan section 22 1s divided between a core
primary air flow through the core air flow path 42 and a
secondary air flow through a secondary air flow path 40. The
core airr flow passes through the combustor section 26, the
turbine section 28, then the augmentor section 30 where fuel
may be selectively imjected and burned to generate addi-
tional thrust through the nozzle system 34. It should be
appreciated that additional air flow streams such as a third
stream air flow typical of variable cycle engine architectures
may additionally be sourced from the fan section 22.

The secondary air flow may be utilized for multiple
purposes 1ncluding, for example, thrust, cooling and pres-
surization. The secondary air flow may be any air flow
different from the core or primary air flow. The secondary air
flow may ultimately be at least partially injected into the
core air tlow path 42 at various points to be used, for
example, to cool various components. Air may tlow within
the core airflow path 42 at a velocity and pressure diflerent
from that within the secondary airflow path 40.

The exhaust duct section 32 may be circular 1 cross-
section, such as 1n an axisymmetric augmented low bypass
turbofan or may be non-axisymmetric in cross-section
including, for example, a serpentine shape to block direct
view to the turbine section 28. In addition to the various
cross-sections and the various longitudinal shapes, the
exhaust duct section 32 may terminate 1n a Convergent/
Divergent (*“C/D”) nozzle system, a non-axisymmetric two-
dimensional (2D) C/D vectorable nozzle system, a flattened
slot nozzle of high aspect ratio or other nozzle arrangement.

In various embodiments, a compressor and/or turbine may
comprise one or more compressor and/or turbine stages,
respectively. For example, a turbine may comprise multiple
sets of rotating blades and stationary vanes. Each set may
comprise a turbine stage. Likewise, a compressor may
comprise multiple sets of rotating blades and stationary
vanes. Hach set may comprise a compressor stage. Further,
in various embodiments, a set of blades and/or vanes may be
coupled about a circumierence of a generally circular central
disc (e.g., a turbine disc 1n the case of a turbine and/or a
compressor disc in the case of a compressor). The blades
may thus rotate with the disc.

With general reference to FIGS. 2 and 3, a turbine disc
200 1s shown. The turbine disc 200 may comprise an axially
extending annular member 202 (or “short wing”). The
annular member 202 may extend axially away from the
turbine disc (parallel or substantially parallel to the axis A)
and 1n a forward and/or aft direction to form a circumier-
ential surface or ring. The annular member 202 may be
coupled to a brush seal land 204.

As used herein, a “brush seal land” 204 may comprise any
generally annular structure having a surface capable of
making contact with a brush, as described below. Accord-
ingly, the brush seal land 204 may comprise a convex or
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concave ring or annulus. The brush seal land 204 may be
coupled circumierentially about the annular member 202 to
extend axially away from the annular member 202 (parallel
or substantially parallel to the axis A) 1n a forward and/or aft
direction. Accordingly, the brush seal land 204 may form an
annulus or ring about the annular member 202. In axial
cross-section, as shown, the brush seal land 204 may have a
curving “C” shaped or a “U” shaped profile.

With reference to FIG. 3, the brush seal land may further
comprise a {irst portion 310 and a second portion 312. The
first portion 310 may be situated radially mmward, (i.e.,
perpendicular to the axis A) of the second portion 312. The
brush seal land 204 may, 1n various embodiments, comprise
a stress relief slot, such as a depression, dip, or concavity,
which may be formed in a surface (such as a radially outer
surface) of the second portion 312.

In various embodiments, the brush seal land may com-
prisc any of a variety of suitable alloys, including, for
example, various INCONEL as described above. The brush
seal land 204 may also comprise one or more materials or
alloys different from those used in the manufacture of the
turbine disc 200. Further, the second portion 312 of brush
seal land 204 may be tapered to compensate for deflection
and/or deformation induced by rotational momentum of the
brush seal land 204. The thickness and/or curvature of the
brush seal land 204 may also be varied to tune or adjust the
natural vibrational frequency of the brush seal land 204 such
that 1t 1s outside the frequency range of its excitation source
(e.g., the turbine disc 200).

The brush seal land 204 and the annular member 202 may
be jomned or coupled 1n any manner that i1s suitable. For
example, a pressure may be applied about the first portion
310 of the brush seal land 204 and the annular member 202
to create a bond between the first portion 310 of the brush
seal land 204 and the annular member 202. The brush seal
land 204 may be thus pressure fitted or pressure bonded to
the annular member 202. In various embodiments, the brush
seal land 204 may be joined to the annular member 202 by
a heat bond, an adhesive, one or more coupling members,
such as one or more rivets, any combination of the forego-
ing, and the like.

With particular attention to FIG. 3, a brush seal compris-
ing the brush seal land 204 and a brush 203 1s shown. The
brush 203 may be situated adjacent to a contact surface 302
of the brush seal land 204. The brush 203 may comprise a
plurality of bristles. These bristles may comprise a variety of
metallic and/or other materials, such as, for example, steel.
The contact surface 302 may comprise any of a variety of
suitable materials and/or alloys, including, for example,
tungsten carbide and/or INCONEL alloys as described
herein. As shown at FIG. 2, the contact surface 302 may be
joined to the brush seal land 204. For example, the contact
surface 302 may be joined to the brush seal land 204 by a
pressure bonding process, a heat bonding process, by an
adhesive, by a nvet or weld, and the like. In wvarious
embodiments, the contact surface 302 may be integral to
(e.g., Torged or manufactured as part of) the brush seal land
204. Further, 1n various embodiments, the contact surface
302 may comprise a coating, such as a coating applied
through physical vapor deposition, sputtering, and the like.
In various embodiments, a tungsten carbide coating 1s used
as contact surface 302.

A clearance 304 may separate the brush 203 from the
contact surface 302 of the brush seal land 204. Similarly, a
clearance 305 may separate a surface 314 of the brush seal
land 204 opposite the contact surface 302 from the annular
member 202.
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During operation, combustion gas exiting the combustion
section 26 of the engine 20 may turn a turbine blade 206
coupled to the turbine disc 200 (together these may be
referred to herein as a “rotor’”) such that the blade 206 and
disc 200 rotate about the axis A in response the tlow of
combustion gas within the gas path 208 and over the surface
of the blade 206. A vane 210 disposed forward of the turbine
blade 206 may be included to guide combustion gas within
the gas path 208.

With reference to FIG. 2, as hot combustion gas flows
over the turbine blade 206, the thermal environment sur-
rounding the turbine blade 206 and turbine disc 200 may
vary, causing one or more components within the engine 20
(c.g., the turbine blade 206 and disc 200) to expand and
contract. Further, as the turbine blade 206 and/or turbine disc
200 pass through high rotational speeds, the turbine blade
206 and/or turbine disc 200 may excurse radially. Radial
excursion of this type may be referred to herein as “rotor
eccentricity,” 1n that the eccentricity of the rotational path
tollowed by the rotor may increase (towards a more ellip-
tical path) in response to the forces and stresses described
above. Thus, a variety of factors may cause the turbine disc
200 and/or the turbine blade 206 (among other components)
to undergo radial excursion.

During operation, 1t 1s desirable to maintain an appropri-
ate gas velocity and pressure within the gas path 208, which
may comprise a low pressure (high gas velocity) zone 308.
To ensure appropriate gas velocity and pressure, the low
pressure zone 308 may be 1solated from a high pressure (low
gas velocity) zone 306 of the engine 20. Specifically, and
with reference to FIG. 3, a brush seal comprising a brush 203
and a brush seal land 204 may be disposed between the high
pressure zone 306 and the low pressure zone 308.

A clearance 304 may separate the brush 203 from the
contact surface 302 of the brush seal land 204. During
normal operation, the brush seal land 204 may rotate (with
the turbine disc 200) radially inward, 1.e., perpendicular to
the axis A, of the brush 203. Thus, the brush 203 may not
come 1nto contact with the contact surface 302 of the brush
seal land 204.

However, during radial excursion the rotor, the contact
surface 302 of the brush seal land 204 may make contact
with the brush 203. In this manner, brush 203 and member
202 do not make contact. Rather, the brush seal land 204 1s
exposed to the brush 203, thereby reducing or eliminating
abrasion, such as by the brush 203 coming into contact with
annular member 202. Further, as the contact surface 302 of
the brush seal land 204 may comprise a heat tolerant and/or
hardened alloy (such as tungsten carbide and/or INCONEL
alloys as described herein) the contact surface 302 may be
constructed to withstand the heat and abrasion produced as
a result of the rotation of the brush seal land 204 against the
brush 203. The lifetime of the member 202 may therefore be
improved by the use of the brush seal land 204.

Continuing, as the brush 203 and brush seal land 204
make contact, the second portion 312 of the brush seal land
204 may be compressed or deflected by the brush 203,
and/or the brush 203 may be compressed or deflected by the
brush seal land 204. In particular, each of the brush 203 and
the second portion 312 of the brush seal land 204 may act as
a spring. The second portion 312 of the brush seal land 204
may therefore detlect the brush 203, and the brush 203 may,
in turn, deflect the second portion 312 of the brush seal land
204.

In various embodiments, the second portion 312 of the
brush seal land 204 and the brush 203 may have the same
radial rnigidity or stiflness (or substantially a same radial
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rigidity or stiflness). The detlection of the second portion
312 of the brush seal land 204 may therefore increase
lincarly or substantially linearly in response to a force
applied to 1ts contact surtace 302 by the brush 203. The
deflection of the brush 203 may likewise increase linearly or
substantially linearly in response to a force applied to its
bristles by the contact surface 302 of the brush seal land 204.
In other words, 1n various embodiments, the second portion
312 of the brush seal land 204 may detflect or compress
radially by substantially the same distance that the brush 302
deflects or compresses radially 1n the opposite direction. The
brush seal land 204 may thus accommodate variations in
flight and temperature which might otherwise increase wear
and abrasion on the brush seal land 204.

In various embodiments, the second portion 312 of the
brush seal land 204 and the brush 203 may not have a same
radial stiflness or rigidity. In this case, deflection of the
second portion 312 of the brush seal land 204 and the
deflection of the brush 203 may not increase linearly 1n
response to an applied force. Rather, 1n various embodi-
ments, deflection of the second portion 312 of the brush seal
land 204 and/or the deflection of the brush 203 may vary
non-linearly 1n response to a compressive force exerted
against one of these components by the other.

Specifically, as the contact surface 302 of the brush seal
land 204 makes contact with the brush 203, the brush 203
and the second portion 312 of the brush seal land 204 may
deflect 1n response to the force generated through contact
with one another. As the compressive force(s) urging the
components 1nto contact increases, the deflection of the
second portion 312 of the brush seal land 204 may increase
linearly 1n response to the force applied until the clearance
305 between the second portion 312 of the brush seal land
204 and the member 202 1s reduced substantially to zero,
whereupon the second portion 312 of the brush seal land 204
comes 1nto contact with the annular member 202. The
annular member 202 may be much stiffer radially than the
second portion 312 of the brush seal land 204.

In an embodiment, the radial stiflness of the second
portion 312 of the brush seal land 204 may be bolstered by
the radial stifiness of the supporting member 202, such that,
for example, the brush seal land 204 1s no longer deflected
by the brush 203. Rather, where the second portion 312 of
the brush seal land 204 has come nto contact with the
annular member 202, only the brush 203 may be capable of
further deflection. The brush seal land 204 may thus display
a non-linear deflection characteristic, in that the second
portion 312 of the brush seal land 204 1s only capable of
deflection through the clearance 305 in response to a force
applied to its surface 302 by the brush 203, and having
deflected through the clearance 305, the second portion 312
of the brush seal land 204 may be stayed by the member 202
from further detlection.

The brush seal land 204 may therefore, as described
above, exhibit a first radial stiflness as it deflects through the
clearance 305 and a second, increased, radial stiflness as it
comes 1nto contact with the annular member 202. The brush
seal land 204 may exhibit the second, increased, radial
stiflness 1n response to a large radial excursion by the rotor
(e.g., 1 response to adverse conditions). The increased
radial stiflness may act to impede further radial excursion by
the rotor. Thus, the brush seal land 204 may permit some
radial excursion by the rotor but may limit or inhibit
excessive excursion during adverse conditions. The {irst,
reduced, radial stiflness may also reduce abrasion between
the contact surface 302 of the brush seal land 204 and the
brush 203 during minor radial excursions by the rotor.
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Benefits, other advantages, and solutions to problems
have been described herein with regard to specific embodi-
ments. Furthermore, the connecting lines shown in the
various figures contained herein are intended to represent
exemplary functional relationships and/or physical cou-
plings between the various elements. It should be noted that
many alternative or additional functional relationships or
physical connections may be present 1n a practical system.
However, the benefits, advantages, solutions to problems,
and any elements that may cause any benefit, advantage, or
solution to occur or become more pronounced are not to be
construed as critical, required, or essential features or ele-
ments of the mventions. The scope of the inventions 1s
accordingly to be limited by nothing other than the appended
claims, 1n which reference to an element 1n the singular 1s
not intended to mean “one and only one™ unless explicitly so
stated, but rather “one or more.” Moreover, where a phrase
similar to “at least one of A, B, or C” 1s used 1n the claims,
it 1s intended that the phrase be interpreted to mean that A
alone may be present 1n an embodiment, B alone may be
present 1n an embodiment, C alone may be present in an
embodiment, or that any combination of the elements A, B
and C may be present in a single embodiment; for example,
A and B, A and C, B and C, or A and B and C. Different
cross-hatching 1s used throughout the figures to denote
different parts but not necessarily to denote the same or
different materals.

Systems, methods and apparatus are provided herein. In
the detailed description herein, references to “one embodi-
ment”’, “an embodiment”, ‘“various embodiments™, etc., indi-
cate that the embodiment described may include a particular
feature, structure, or characteristic, but every embodiment
may not necessarily include the particular feature, structure,
or characteristic. Moreover, such phrases are not necessarily
referring to the same embodiment. Further, when a particular
feature, structure, or characteristic 1s described 1n connection
with an embodiment, 1t 1s submitted that it 1s within the
knowledge of one skilled 1n the art to affect such feature,
structure, or characteristic in connection with other embodi-
ments whether or not explicitly described. After reading the
description, 1t will be apparent to one skilled in the relevant
art(s) how to implement the disclosure 1n alternative
embodiments.

Furthermore, no element, component, or method step in
the present disclosure 1s mntended to be dedicated to the
public regardless of whether the element, component, or
method step 1s explicitly recited in the claims. No claim
clement herein 1s to be construed under the provisions of 35
U.S.C. 112(1), unless the element 1s expressly recited using,
the phrase “means for.” As used herein, the terms “com-
prises,” “‘comprising,” or any other variation thereof, are
intended to cover a non-exclusive inclusion, such that a
process, method, article, or apparatus that comprises a list of
clements does not include only those elements but may
include other elements not expressly listed or inherent to
such process, method, article, or apparatus.

*

What 1s claimed 1s:

1. A generally C-shaped brush seal land comprising:

a concave annular structure configured to rotate with a
turbine disc;

a first portion of the concave annular structure configured
to couple to an annular member extending from the
turbine disc; and
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a second portion of the concave annular structure radially
opposing the first portion and configured to deflect
towards the first portion to close a clearance area
between the second portion and the turbine disc in
response to contact with a brush seal,

wherein the second portion deflects through the clearance
area 1n response to contact with the brush seal up to the
point at which the second portion contacts the turbine
disc, and does not deflect further due to contact
between the second portion and the turbine disc.

2. The brush seal land of claim 1, wherein the brush seal

land comprises an austenitic nickel-chromium alloy.

3. The brush seal land of claim 1, wherein the second

portion includes a contact surface configured for contact
with the brush.

4. The brush seal land of claim 3, wherein the contact
surface comprises tungsten carbide.

5. The brush seal land of claim 1, wherein the brush seal
land 1s configured to reduce abrasion to the annular member
extending from the turbine disc.

6. The brush seal land of claim 1, wherein the brush seal
land 1s configured to be used with a brush of the brush seal
to separate a high pressure zone from a low pressure zone.

7. The brush seal land of claim 1, wherein the first portion
1s configured to be coupled to the turbine disc using pres-
sure.

8. A brush seal comprising:

a generally C-shaped brush seal land configured to be
coupled to an annular extending member from a turbine
disc; and

a brush configured to make contact with the brush seal
land, the brush seal land comprising:

a concave annular structure configured to rotate with a
turbine disc;

a first portion of the concave annular structure config-
ured to couple to an annular member extending from
the turbine disc; and

a second portion of the concave annular structure
radially opposing the first portion and configured to
deflect towards the first portion to close a clearance
area between the second portion and the turbine disc
in response to contact with a brush seal,

wherein the second portion deflects through the clear-
ance area 1n response to contact with the brush seal
up to the point at which the second portion contacts
the turbine disc, and does not deflect further due to
contact between the second portion and the turbine
disc.

9. The brush seal of claim 8, wherein the brush seal 1s

configured to detlect 1n response to contact with the brush
seal land.

10. The brush seal of claim 8, wherein the brush seal land
comprises an austenitic nickel-chromium alloy.

11. The brush seal of claim 8, wherein the brush seal land
comprises a contact surface configured for contact with the
brush.

12. The brush seal of claim 11, wherein the contact
surface comprises tungsten carbide.

13. The brush seal of claim 8, wherein the brush seal land
and the brush separate a high pressure zone from a low
pressure zone.

14. The brush seal of claim 8, wherein the first portion 1s
coupled to the turbine disc by a pressure.
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